INTRODUCTION
At the beginning of the 21st century, the total area of damaged land in Bosnia and Herzegovina was over 20,000 ha. Mining activities in Bosnia and Herzegovina degrade another 3,000 ha of land each year (Resulović, 1999) . Having researched the scope and direction of the biological phase of land rehabilitation in the largest three coal basins in the Republic of Srpska (Gacko, Ugljevik and Stanari), which jointly occupy around 2,000 ha, Malić et al. (2010) found that the reclamation process encompassed around 10% of the technogenic soils (technosols, mine soils). The primary goal of restoring damaged areas, resulting from surface exploitation, is to establish their functionality via managing the newly-formed technosols. Flat surfaces of overburden mine dumps (infertile material) have the potential for agricultural reclamation and production provided technical, cultural and biological reclamation practices are applied. It is necessary to reclaim these newly-created technosols of the Deposol type, and to enable their exploitation for specific purposes (Knežiček et al., 2006; Vujić et al., 2009) .
Due to the disposal of overburden, the total amount of technosols will reach 4 million m 3 of the solid matter, which is an area of more than 1,000 ha (Lončar et al., 2009) , by the end of Stanari mine basin exploitation. The technology for continuous excavation of overburden has been adopted for the surface exploitation of lignite in the Stanari coal basin. This technology does not apply selective excavation and disposal of surface humus-accumulative soil horizons. Deposols (mine soils before reclamation) in Stanari have medium favourable physical and textural characteristics, whereas their chemical characteristics are poor Malić and Marković, 2012) . Considering the soil texture, the fraction of sandy loam prevails. The results of chemical analyses classify these Deposols into a low-class soil category regarding the organic matter content, available phosphorus and potassium, featuring weak-acid to acid soil reactions. The low content of organic matter in Stanari Deposols is the crucial issue to be resolved.
During the green manuring process, used to provide the surface soil layer with the fresh organic matter, sudangrass, out of five green manuring species (rye, vetch, field mustard, pea and sudangrass), proved the most effective in biomass production, accompanied by fertilization (Malić, 2010) . The reclamation phase involving cultural practices was aimed at forming a more fertile surface layer of the disposed overburden. An increase in biomass production directly affects an increase in the content of organic matter in the Deposol surface layer at the overburden dumpsites of the Stanari lignite mine (Malić, 2010; Malić and Marković, 2012) .
The genus Sorghum is highly tolerant to drought in all growth stages, thus it has become very important for the drier areas of continental climate and less fertile land. A significantly higher biomass production and the number of swath during the year can be achieved with the proper nitrogen nutrition under optimal moisture conditions (Zerbini and Thomas, 2003) .
Forage sorghum (Sorghum vulgare L.) and sudangrass (Sorghum sudanense Pers.) are characterized by the diversity of use, favorable biological characteristics, low yield condition requirements, high and stable yield, and high quality of biomass, which renders these crops suitable for specific purposes (Glamočlija et al., 2010; Ćupina et al., 2007; Vučković, 1999) .
In addition to sorghum and sudangrass, the breeding of interspecies hybrids of the two crops is present nowadays. Their genotypes are characterized by the high-quality biomass with a low content of pollutants. They regenerate well and produce large swaths (Berenji, 1988; Ostojić et al., 1992) .
In relation to previous results, we continued the research of the effect of green manuring with sudangrass, depending on the variety and fertilization applied. The purpose of this study is to select the most productive sudangrass varieties and agricultural amelioration techniques to achieve maximum results under the given agroecological conditions.
MATERIAL AND METHODS
The research of green manuring with sudangrass was conducted in a test plot on the interior deposit side of the Raskovac surface pit at the Stanari lignite mine. The Stanari lignite mine is located in the north of the Republic of Srpska and Bosnia and Herzegovina, in the Municipality Stanari, near Doboj (between 44°40' and 44°50' North latitude and 17°45' and 18°00' East longitude).
The research was carried out during 2009 and 2010 (from April to August) as a two-factor experiment, which was based on 4 replications using a randomized complete block design. The basic experimental plot covered 10 m 2 (5x2 m), and the distance between the blocks and plots was 1 m (x: 6,486,844.34; y: 4,957,642.54; z: 220 m) .
Sudangrass was sowed manually during the spring, with a seed rate of 35 kg/ha. During each sowing, a starter fertilizer was used at a dose of 75 kg/ha of pure nutrients (N, P, K). The nitrogen fertilizer, at a dose of 54 kg/ha N (KAN, 27% N), was used at the beginning of the jointing phenophase.
Factor A includes 2 treatments (two cultivars of sudangrass): a1) 'Srem', а2) 'Piper Sweet'. Factor B includes 3 fertilization treatments (pure nutrients): b1) N75+54P75K75, b2) N75P75K75, b3) N0P0K0 (control). After the biomass measurements (August 5 th 2009 and August 12 th 2010) in the phenophase of forming and soaking grains, sudangrass was incorporated by ploughing to a depth of 25-30 cm. The dry matter, representing the incorporated organic matter in Deposol, was measured based on the dried samples (measurements: August 27 th 2009 and August 08 th 2010). The results obtained were examined by the analysis of variance (ANOVA). The significance of the differences between the basic factors and their interactions was tested with the F-test, whereas the differences between the mean values computed were determined by the LSD test.
Аgroecological conditions: The experimental soil belongs to the Deposol type (Resulović and Čustović, 2007) . According to the WRB classification (World Reference Base for Soil Resources, 2014), these substrates are determined as technosols (mine spoils or mine soil = disposal sites of the coal mining materials). Sudangrass was grown in the test plot formed during 2006 and 2007. The Deposol examined indicated a sandy loam texture and quartz mineral composition.
The results of the chemical analyses of the soil surface layer showed acid reactions (pH in KCl 5.0) at a depth of 0-30 cm. Considering the content of the easy accessible phosphorus (1.3 mg P2O5/100 g of soil), potassium (2.6 mg K2O/100 g of soil) and soil organic matter (1.6%), this Deposol is classified as a soil with poor fertility. Nitrate is found in trace amounts (0.01% N), which, in addition to the lack of organic matter, causes a weak biological activity.
The basic climate indicators (precipitation and air temperature) within the two-year experimental period are shown in Table 1 
RESULTS AND DISCUSSION
Biomass yield: The average yield of both sudangrass biomass cultivars is shown in Table 3 . The maximum production of sudangrass biomass (29.15 t/ha) was measured in the 'Piper Sweet' cultivar with a maximum rate of fertilization (in 2009). The lowest biomass yield (2.05 t/ha) was measured in the 'Srem' cultivar in 2010. The average yield of biomass ranged from 2.41 t/ha (in both cultivars in 2010) to 23.02 t/ha (in both cultivars grown under the starting fertilization and proper nitrogen nutrition). The total yield is lower compared to the possible potential of these species approximating to 100 t/ha (Glamočlija et al., 2010; Vučković, 1999; Sattell et al. 1998; Carter et al., 1989) . In all the periods under consideration, the interaction of factors ranges from statistically significant to highly statistically significant (Figure 1 ). According to the results of the biomass yield (Table 3) , it is evident that nutrients from the mineral fertilizers applied, particularly nitrogen, positively influenced the biomass of sudangrass.
Dry matter yield: The formed dry matter represents a potential for a possible synthesis of humus matter. This would mark the first stage in enhancing the fertility of the Deposol soil. Table 4 shows the average values of dry matter of the sudangrass tops, which is ploughed (incorporated) in the surface layer of the Deposol plot. The maximum value of dry matter of 10.3 t/ha was measured in the plots with the highest biomass production, i.e. in the 'Piper Sweet' cultivar in 2009. The lowest value of dry matter (0.95 t/ha) was recorded in the 'Srem' cultivar in 2010. Based on the highest yields obtained (the highest yield of biomass was 29.15 t/ha and dry matter was 10.30 t/ha), green manuring proved successful because every dry matter yield of more than 5 t/ha exerts a positive effect (Todorović et al., 2003) .
The average values of the dry matter ranged from 1.23 t/ha (measured in 2010 in the control plots) to 8.1 t/ha (in the treatments with a starting fertilizer and nutrients in both cultivars in 2009). The plots with a maximum biomass production (treatments: a2b1 in 2009 and 2010) indicated the largest increase in organic matter in Deposol (max values: 10.3 in 2009 and 9.5 in 2010) . These findings are in agreement with previous research on green manure under the same agro-ecological conditions (Malić, 2010) . In all three periods under consideration, the interaction effects of Factor A and B were identified (Figure 2) . In previous research, including a laboratory analysis of these Deposols, Malić and Marković (2012) stated that three years of cultural and biological practices were required for a moderate improvement of the fertility of Deposol in the reclamation process. The same authors stated that the application of green manure and cultivation of the field crops for three successive years can increase the organic matter content in the soil by 2%. The increase of organic matter and humus content in this technogenic soil is one of the main characteristics of the ameliorated Deposol (Malić, 2010) . Nitrogen fertilization, accompanied by starter fertilizers, additionally increases the yield, which is in accordance with previous studies (Zerbini and Thomas, 2003) . Differences in the value of organic matter between the examined cultivars showed a statistical significance in 2009 (a precipitation amount of 433.6 mm in the vegetation period), and in 2010 (a precipitation amount of 892.8 mm in the vegetation period), but there were no differences between the cultivars. Therefore, it can be concluded that foreign cultivars of sudangrass 'Piper Sweet' produce better results under extreme climatic conditions (in years with less precipitation), compared to the cultivar 'Srem'.
CONCLUSION
The results obtained emphasize that it is necessary to select proper cultural practices when planting sudangrass in the reclamation of Stanari Deposols. The highest yields of biomass (29.15 t/ha) and dry matter (10.30 t/ha) were recorded in the 'Piper Sweet' cultivar in 2009, with a maximum rate of fertilization. The lowest yields of biomass (2.05 t/ha) and dry matter (0.95 t/ha) were observed in the cultivar 'Srem' in 2010. The proper selection of cultivars and fertilization methods are very important in order to achieve the maximum yield of biomass, which is directly correlated with the climatic characteristics during the experimental year. Higher biomass yields directly increase the organic matter content of technosols, i.e. of Deposol. The 'Piper Sweet' cultivar showed far superior results
